Modeling malignancies using induced pluripotent stem cells: from chronic myeloid leukemia to hereditary cancers.
Over the last decade, the possibility of reprogramming malignant cells to a pluripotent state has been achieved in several hematological malignancies, including myeloproliferative neoplasms, myelodysplastic syndromes, and chronic myeloid leukemia (CML). It has been shown that it is readily possible to generate induced pluripotent stem cells (iPSCs) from several types of primary CML cells and to generate progenitors and differentiated cells with variable efficiency. Although these experiments have brought some new insights in the understanding of CML pathophysiology, the ultimate goal of generating induced leukemic stem cells (LSCs) with long-term multilineage potential has not yet been demonstrated. Experiments under way will determine whether additional signaling events are required to induce the emergence of bona fide LSCs. However, iPSC modeling offers the unique possibility to generate pluripotent cells harboring cancer-predisposing mutations using patient-derived noncancerous cells, as has been shown in Li-Fraumeni syndrome, BRCA-1 associated breast carcinomas, or RET-mutated medullary thyroid carcinomas. In these conditions, mutated iPSCs can then be used to study the mutational history that precedes the appearance of the malignant transformation and to develop novel drug-screening strategies. The ability to induce a successful differentiation program toward the tissue in which a given cancer develops or to generate tissue-specific cancer organoids in which the full oncogenic potential can be revealed remains a major challenge in the field. Similarly, in hematological malignancies, a significant hurdle remains due to the lack of adequate technology to induce the emergence of leukemic cells that resemble LSCs, which hinders our ability to study the mechanisms of therapy resistance.